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EXECUTIVE SUMMARY 
In the recent years, because of the growing economy and increasing population, the 
demand for electricity has increased substantially. Renewable technology as a green 
(sustainable) solution of this dramatic increase has therefore attracted more attentions.  
Through the process of designing and installing a commercial solar power system, several 
market barriers have been discovered, which include: 
 State government barriers; 
 Local government barriers; 
 Western Power (network distributor) barriers; 
 Energy retailer barriers; 
 Customer barriers. 
This dissertation included the experience of installing a commercial solar PV system, and 
discusses the barriers identified. To overcome those barriers, more efforts would need to be 
made at all levels.  
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GLOSSARY 
 
 
Acronym Meaning 
APVI Australian Photovoltaic Institute 
CEC Clean Energy Council 
GHG Green House gas 
Grid Connected PV system that is connected to the electrical grid through an 
inverter and does not have a storage system 
GW Giga Watts 
Inverter Power converter, it is also referred to as the inverter 
kWh Kilo Watt Hour (Energy) 
LGC Large generation certificate 
LRET Large-scale Renewable Energy Target  
MWh Mega Watts Hour (Power) 
NMI National Meter Interval 
NWIS North West Interconnected System  
PV Photovoltaic 
QB Quattro Building 
RE Renewable Energy 
REBS Renewable energy buyback scheme 
REC Renewable Energy Certificates 
RET Renewable Energy Target 
SEC Small technology certificates 
SRES Small-scale Renewable Energy Scheme  
SWIS South West Interconnected system 
WP Western Power 
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1 INTRODUCTION 
1.1 COMPANY BACKGROUND 
CSP (Commercial Solar Power) National Pty Ltd (CSP), a company based in Western 
Australia, delivers integrated and sustainable energy solutions to our commercial, industrial 
and public sector clients, in order to help them achieve their energy efficiency and carbon 
reduction goals.  
The Company recognizes that the life cycle investment decisions are made strongly based 
on economic background information. Therefore, it is important to develop a clear 
understanding of the economic performance (such as: capital cost, lifelong performance, the 
operating and maintenance costs and also the potential savings) which can be achieved by 
implementing those suggested solutions. In the meantime, it is believed that opportunity is 
existed in the current energy market with only certain parts of the viable energy solution are 
delivered where a key genuinely sustainable long term solution with those various parts 
integrated together is necessary. Solar PV (renewable energy) system as an example of 
these problems can only be solved with the expert knowledge of the whole system dynamics. 
CSP National is therefore formed and it delivers these solutions to clients by developing and 
implementing an effective energy management process. This process involves elements 
such as commitment to partnering with clients, unique blend of engineering, financial and 
commercial skills and experience. With the combination of technical expertise, CSP 
therefore provides client with the best fit solution for their particular energy needs. 
1.2 BACKGROUND OF SOLAR ENERGY 
1.2.1 Solar energy's future 
In the past decades, the increase of the fossil fuel prices and the undesired situation of 
climate change have urged countries around the world to make changes. One of the 
approaches which some countries applies is using energy from renewable resources instead 
of conventional fuel. Out of different methods, solar PV system is one of the most 
environmentally advantageous and cost effective at small-localized scale methods to 
generate electricity from solar energy. Carbon emission and liquid or solid waste are usually 
avoided during this process. Therefore, this system has always been considered as one of 
the most sustainable methods for generating electricity in recent years. The implementation 
of solar power system can also provide direct or indirect benefits to sustainable development, 
which are as follows: 
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 Increase of regional/national energy independence; 
 Reduction of transmission and distribution lines from electricity grid; 
 Acceleration of rural electrification in developing countries; 
 Diversification and security of energy supply; (Bahadori et al., 2012) 
In Australian renewable energy progress report (Zahedi, 2010), it is mentioned that the 
worldwide solar PV market has increased substantially (20 times) since 1994 (refer to Figure 
1.2-1 Global Cumulative PV Capacity MW (Zahedi, 2010)).The cumulative PV capacity 
increased from 500 MW in 1994 to approximate 9700 MW by the end of 2007. 
 
Figure 1.2-1 Global Cumulative PV Capacity MW (Zahedi, 2010) 
Although Australia has the highest level of sun radiation, fossil fuel still acts as the main 
source for generating electricity. According to Zahedi’s report (2010), fossil fuel still 
contributed 91% of power generation in Australia in 2004. When the Renewable Energy 
Target has been introduced by Australian government in 2011, Australia PV installation 
finally started to have significant growth (refer to Figure 1.2-3). In Jäger-Waldau’s (2013) 
study, he stated that more than 1GW of new solar PV system were implemented in Australia 
in 2012. By the end of June-2014, the cumulative PV installation has reached 3,572 MW 
(Figure 1.2-3). 
 
Figure 1.2-2 Solar Radiation Summary of Major Countries over the World  
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Figure 1.2-3 Cumulative PV Capacity in Australia since 2001 
According to Jäger-Waldau’s study (2013), in 2012 commercial size solar PV system can 
only count for 10% or less in the renewable market, and residential system still acts as the 
major contributor. 
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1.2.2 Western Australia Electrical Market  
The electrical market in Western Australia is geologically further away from the eastern and 
southern electrical network. State of Western Australia has therefore developed electricity 
infrastructure, which consists of several distinct systems (Figure 1.2-4): 
 The South West Interconnected System (SWIS); 
 The North West Interconnected System (NWIS); 
 29 regional, non-interconnected power systems. 
 
Figure 1.2-4 Western Australia interconnected electrical systems 
The SWIS is the major interconnected electrical network in Western Australia which provides 
electricity to all end-users within the south-west region.  
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1.3 BACKGROUND OF THE CASE STUDY / PROJECT 
Quattro Building (QB) is an 11 floors apartment building consists of 56 dwellings, located in 
central Perth Area, Western Australia, which falls under the coverage of SWIS. Therefore, 
the guideline for solar power system (or other generation system) needs to be followed and 
suitable applications need to be completed, submitted and approved by related 
organizations prior to installation.  
 
Figure 1.3-1 Energy Bill of Quattro Building from Synergy 
Based on the information of client’s energy consumption (within 67 days) which is stated in 
the energy (or Synergy) bill provided by QB (Figure 1.3-1), the annual energy consumption 
rate can be estimated with the following assumption: 
“Client continuously consumes electricity at an average rate of 279 kWh/day for the entire 
year.” 
The annual electricity consumption estimation is calculated as:  
         
      
                               . 
In order to draw a more accurate electricity consumption pattern for QB, the energy 
consumption history of this client was requested. With the provided National Meter Interval 
(NMI) historical data (Appendix B Historical Energy Consumption Data (NMI Data)), client’s 
energy consumption history is summarized in Table 1.3-1 Energy Consumption Data 
Monthly Summary. Compared to the estimated annual energy consumption data, the 
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consumption data drawn from the historical NMI Data is slightly higher (111,209 kWh). The 
peak (8:30am-10:00pm) and off-peak (10:00pm-8:30am (+1)) energy consumption over the 
year are analyzed to be 47,529.36 kWh and 63,679.64 kWh. With the energy consumption 
of more than 50MWh per year, QB falls within the medium to large customer category, which 
means they are eligible to choose the Energy Provider.  
Table 1.3-1 Energy Consumption Data Monthly Summary 
 
 
Figure 1.3-2 Annual Energy Consumption Pattern 
In order to understand the energy consumption pattern of QB, the monthly data was plotted, 
as shown in Figure 1.3-2 Annual Energy Consumption Pattern above. From the graph, it is 
clear that the energy usage increases in winter and drops in summer.  
Month
Peak 
Consumption 
(kWh)
Off-Peak 
Consumption 
(kWh)
Overall Energy 
Consumption 
Data (kWh)
January 3486 4573 8059
February 3217 4824 8040
March 3301 4776 8077
April 3279 4132 7411
May 4065 4950 9015
June 4585 7326 11910
July 5937 7584 13521
August 4971 6640 11611
September 4292 5807 10100
October 3795 4530 8325
November 3024 4069 7092
December 3578 4469 8047
Total 47529 63680 111209
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2 LITERATURE REVIEW ON ELECTRICITY INDUSTRY, AND ENERGY 
POLICIES AND SOLAR ENERGY 
2.1 CONTESTABILITY 
Within the SWIS network, there are two categories of electricity consumers: 
 
Figure 2.1-1 Contestability of electricity customer 
 Non-contestable consumer: electricity consumption less than 50,000 kWh per annual 
(i.e. an average of 137 units per day) – consumers fall within this category are 
usually residential household and small businesses. These customers are supplied 
by Synergy and pay electricity prices regulated by WA government as determined 
under electricity by-law (Department of Finance, 2014);  
 Contestable consumer: electricity consumption less than 50,000 kWh per annual (i.e. 
an average of 137 units per day) – consumers fall within this category are usually 
both small to medium-sized businesses and large businesses. These customers 
have the opportunity to either pay the capped rates offered by Synergy or be 
supplied by Synergy or other energy retailers at negotiated tariff rates (Department of 
Finance, 2014).  
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2.2  ENERGY RETAILERS 
In the current Western Australia energy market, there are three largest retailers:  
1. Synergy, the largest electricity supplier in Western Australia, owned by the state 
government. It provides gas and electricity to more than one million residential, 
business and industry customers. And it is still the only retailer for non-contestable 
customers (refer to 2.1Contestability); 
2. Perth Energy, an electricity and gas retailer in Western Australia, established 
recently. Its customers are commercial and industrial businesses; 
3. Alinta is an electricity and gas retailer in Australia. It has more than 800,000 
customers throughout Australia. Similar to Perth Energy, in Western Australia, its 
customers are commercial and industrial businesses consumers. 
2.3 WESTERN POWER 
Western Power is the network operator that owns and operates the SWIS transmission and 
distribution network. Therefore, it is responsible for approving the connection of new solar 
PV systems to the SWIS network. As suggested by Western Power, a system can only be 
connected to the network once all of the applicable connection eligibility criteria have been 
met. To ensure the electricity quality, reliability and prevention of a network capacity 
overload, Western Power must be advised of, and approve the connection of, all solar PV 
system (Western Power, 2014). 
Within the process of Western Power application, higher level of technical information is 
requested for a solar power system which size is greater than 5kW. This additional 
information is required to be provided by the solar system supplier in order for Western 
Power to undertaken a technical review (Appendix D Application to Connect Embedded 
Generation to the Western Power Network): 
Diagram stating the location of and cable sizing [length (m) and diameter (mm2)] between 
the following: 
 Meter; 
 Main switchboard; 
 Sub boards (if any); 
 Inverter/s; 
 Supply type (over head or underground); 
 Mini pillar or pole tope transformer (if sole use). 
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2.4 SMALL-SCALE RENEWABLE ENERGY SCHEME 
The Renewable Energy Target (RET) as an Australian Government scheme is designed to 
reduce emissions of greenhouse gases in the electricity sector. It addresses the target of 
generating at least 20% power from renewable to the Australia’s electricity market by 2020. 
In order to encourage the development of both large-scale and small scale renewable 
energy generations, RET is divided into two segments: Small-scale Renewable Energy 
Scheme (SRES) and Large-scale Renewable Energy Target (LRET).  
To be more detailed, SRES is designed to assist residential, small business and community 
groups with the cost of installing a small size solar PV system.  Small-scale Technology 
Certificates (STCs) is introduced by SRES and issued to eligible households. STCs are 
based on the expected output of the solar system over a 15 year period (although most 
systems can be expected to have a functional life span of up to 30 years) (CEC, 2014). 
Generally, one STC is equivalent to 1 megawatt-hour (MWh) of energy produced by Solar 
PV System (CEC, 2014). REC registry website is used to calculate the amount of eligible 
STCs for the Solar Power System. 
Small-scale solar PV systems are only eligible if the following criteria are met (CEC, 2014): 
 The system is not greater than 100kW; 
 It is brand new; 
 All of its components are listed in the Clean Energy Council list of accredited 
components; 
 It is installed and designed correctly by a Clean Energy Council accredited installer 
and designer; 
 It meets all relevant Australian and New Zealand standards; 
 It complies with all local, State, and Federal requirement for its type of installation. 
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2.5 COUNCIL APPROVAL 
The requirement of council approval varies from case to case, council to council. For 
instance, City of Stirling does not have the requirement of submitting neither a Planning 
Permit nor Building Permit for the installation of a solar PV system. However, City of 
Wannaroo has a different policy, which requires that both permits must be obtained before 
any installation can be proceeded.  
2.5.1 Development (Planning) Approval 
This is a legal document issued under the Planning & Development Act 2005, which certifies 
that land or buildings can be used for a specific purpose. The approval will also detail any 
conditions under which land or buildings can generally be used (City of Wannaroo, 2014). 
Depends on the council’s requirement, a planning approval may not be the essential 
document prior to commencing the installation of solar PV system.  
2.5.2 Building Permit 
Generally, Building Permit is always required before any building work can be carried out. A 
registered building surveyor is engaged by the applicant to certify compliance to the building 
standards by issuing a certificate of design compliance (City of Perth, 2014). 
Depends on the council’s requirement, building permit may be unnecessary to apply prior to 
the installation of solar power system.  
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3 CASE STUDY: QUATTRO BUILDING – 30KW SOLAR POWER SYSTEM 
3.1 PRELIMINARY STAGE 
In order to design and install a suitable size solar power system for QB, the following 
necessary steps were followed in the preliminary stage: 
1. Identify the contestability of the client; 
2. Based on the step 1, client can decide whether they would like to consider switching 
to other energy retailer or not; 
3. Submit application to the preferred energy retailer with information on proposed solar 
system; 
4. Energy retailer either review the current contract or provide a new energy contract to 
consumer, based on the information provided (Generally, the tariff provided in the 
contract will cover the situation both pre and post solar installation); 
5. Once the client agrees with the new or reviewed contract, he/she signs the contract 
and then submit it to the energy retailer. Next the energy retailer authorizes the 
official reference number for solar install application; 
6. Complete and submit Application to connect embedded generation to the Western 
Power network (Appendix D Application to connect embedded generation to the 
Western Power network) with provided Reference Number to Western Power. 
At this stage, four main applications were processed, which include the Synergy Bi-
directional metering application, Perth Energy New Customer application, Western Power 
Embedded Generation application and Green Energy Trading STC application. In addition, 
council approval includes Planning Approval and Building Permit was considered during the 
process. But, because City of Perth does not have the requirement of gathering both 
approvals for installing a commercial solar power system, the council approval step is then 
waived in this process.  
Synergy Bi-directional metering application is completed first. Getting approval for this 
application will provide the retailer’s reference number which is essential for the Western 
Power Application. This application is now able to be completed online, and it takes up to 24 
hours to be approved and the reference number provided in the approval document will valid 
for up to 90 days. 
After comparing both Perth Energy and Alinta energy tariff quotations which are attached in 
the Appendix E, client chooses Perth Energy as their new energy supplier. New energy 
agreement was signed by the client to complete the process of switching electricity provider. 
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Western Power Application is the last essential document prior for the solar PV system to 
connect to the grid. It requires basic design information of the system as following: 
• Installation Location and customer information; 
• Inverter information: brand, model, and capacity;  
• Cable lengths and diameters between meter, main switchboard and inverters. 
This application generally takes up to 30 days after the submission. The approval of this 
application will be valid for up to 1 year. The expected project finishing date falls within this 
time period. 
Except for council approval applications, the Small-scale Technology Certificate (STC) 
application is the last one to be considered at this stage. Because the application needs to 
be completed and signed by a Clean Energy Council (CEC) accredited installer and 
designer and submitted when the system is fully installed and commissioned, the application 
was not able to be completed at this stage. However, the value of STC was calculated to be 
728 for this 25kW roof-top solar PV system and the market value of STC was $35.00 per 
STC (price of STC is reviewed on 31st Oct 2014).  
3.2 DESIGN AND SIMULATION 
In order to have a solar PV system installed and suited for its purpose, the design of the 
system plays an important role in the whole process. Our client, QB has an annual energy 
consumption at approximate 111MWh which gives a wide range of selection for the solar 
power systems. The initial size of the system was able to be determined by the client’s 
expectation of having the system to contribute roughly half of their annual energy 
consumption. Therefore, the initial solar power system design came up with the size of 
36.7kW (144 panels) with a 27.6kW inverter which has a general energy generation at 
60MWh per year.  
Site inspection was conducted to ensure that enough roof space is available for the 
proposed system to be installed. In the meantime, the proposed system size is reviewed by 
using the simulation tool, PV syst. The result came out from the software, shown in Figure 
3.2-1. According to the past 12 months’ energy consumption history of this client, 17.7MWh 
energy generation produced by the system is estimated to inject to the grid. In other words, 
approximate 30% of the proposed system production will feed back into the grid. From the 
client’s point of view, this is not a desired situation. Therefore, a system size review is 
required under this circumstance. 
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Figure 3.2-1 PV syst Analysis for 36kW system using NMI data 
It is known from Table 1.3-1 Energy Consumption Data Monthly Summary that QB’s annual 
energy consumption during the peak (Mon-Fri 8.00am-10.00pm) time is 47,529.36 kWh. 
Therefore, the energy consumption during the 8.00am to 10.00pm over the week can be 
estimated by assuming the energy consumption of the client maintains a similar rate during 
the weekend. 
            
                  
                              
 
Figure 3.2-2 Production of 1kW system during a typical summer day (kWh) 
Generally, energy production pattern of a 1kW solar power system during a typical summer 
day is shown in Figure 3.2-2. It is clear that the system production peaks during the time 
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period of 12.00 to 13.00. Energy generated during 9.00 to 17.00 contributes approximately 
98% of the total system production of the day. Therefore, system production during this eight 
hours is expected to cover the energy consumption of the customer but not exceeding it. 
The energy consumption can be calculated by assuming that the energy usage is 
continuously over the 8 hours: 
             
       
 
  
   
              
It is obvious that the energy consumption between 9.00 and 17.00 is less than the energy 
production of the proposed 36.7kW (with 144 x 250w panels) system. Based on this 
estimated energy consumption, the revised solar power system size is reduced to 25kW, 
which has an annual energy production rate at about 35MWh. This revised system size is 
again checked against the historical NMI information of the client by PV syst programme.  
 
Figure 3.2-3 PV syst Analysis for the revised 25kW system using NMI data 
According to the analysis, 8,621kWh, roughly 20% of the annual energy generation by the 
system will feed back into the grid. With the assumption that the energy consumption will 
increase by at least 10% within the following year, client believes that this size of system 
(25kW system with 98 solar panels and 27.6kW inverter) will be well suit for their situation.    
Perth is in the southern hemisphere, therefore a north facing roof is always best for solar. 
However, this idea condition may not be available in all situations. Table 3.2-1 the solar 
system production loss at different Roof Orientation indicates that an east or west facing roof 
will only cause 15% of energy loss. On the other side, a south facing panel layout will have 
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roughly 38% of energy loss. In other words, south facing panel layout should always be 
avoided. 
Table 3.2-1 the solar system production loss at different Roof Orientation 
 
The roof of Quattro building is a typical flat commercial roof. Generally, the angle of the roof 
does not massively affect the solar power system’s production. To get a better production 
rate and self-maintenance purpose, it is recommended by Clean Energy Council that a solar 
system should have a minimum 10 degree tilt. Following these principles, the first design 
(refer to Figure 3.2-4 Solar panel layout of initial design) of the panel layout is then 
discussed with the installer and the client. With the feedback from both parties, the design is 
proven to be not viable due to following matters:  
1. Requires longer cable runs between two lots of panels; 
2. Some panels are too close to the fencing which will create shading during the 
production period and reduce the amount of energy generated; 
3. The building at the north-western side of QB could cause afternoon shade to the left 
roof. 
 
Figure 3.2-4 Solar panel layout of initial design 
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In order to minimizing the shading issues, the solar panel layout has been re-designed. The 
revised panel layout design is shown in Figure 3.2-5 Solar panel layout of revised design. 
Solar panels are designed to be installed on both upper and lower roof on the eastern side 
of the building to avoid the afternoon shades causing from the nearby buildings. Because 
this layout design plans to have all the panels installed on the eastern side of the roof which 
will then provide the client potential opportunity to expand their system on the other side of 
the roof. 
 
Figure 3.2-5 Solar panel layout of revised design 
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4 RESULTS – INVESTMENT CRITERIA 
Investment criteria has always been another concern among the consumers in the 
commercial Solar PV system market. According to the feedback which is given by the sales 
representative, most medium business consumers generally show more interests in the 
following criteria: 
1. Capital cost (Initial investment); 
2. Payback period of the proposed investment; 
3. Internal rate of return; 
Net Present Value (also known as NPV), in some circumstances, has also been recognized 
as one of the major criteria which could affect the client’s decision makes.  
In this section, both the estimation of the capital cost and the finance analysis including 
payback period and project saving will be discussed in more detail.  
4.1 CAPITAL COSTS ESTIMATION 
Capital cost is a general term for fixed and one-time expenses incurred on the purchase of 
land, infrastructure and equipment which are used in the production of goods or in the 
rendering of services. In this project, it stands for the upfront one-time costs incurred on 
investing the renewable technology, i.e. Solar Power System. To detail analyze and make 
estimations for this costs, it has been broken down into following categories: 
1. Pre-installation Design and Documentation Processes; 
This category of costs covers the most expenses during the pre-installation stage, 
which includes: 
 Pre-install site inspection; 
 Synergy bio-directional meter change fee; 
 Structural and electrical engineering design report; 
 Council Approval Application costs. 
2. Equipment / Parts Procurement; 
This part covers the expenditures of the parts of the system. In which case, it is the 
total costs of the following items: 
 ABB TRIO 27.6 TL Inverter; 
 98 x Qcell Q-Pro G3-255 Panels; 
 Racking (with windproof); 
 ABB Vision Monitoring system. 
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3. Installation / Construction; 
Including: 
 Hire cost for crane or scissor lift; 
 Cost of construction labor; 
 Balance of System (BOS); 
4. Small Technology Certificate (STC) Rebates. 
Small Technology Certificate Rebate program has been introduced in the previous 
section. By the requirement of Clean Energy Council, new PV systems which are 
eligible for the STCs must utilize the accredited inverter(s) and panel(s), and the 
design and installation of the system must be certified by CEC accredited designer 
and installer.  
With the current market rate for subsidy is $35.00 (ex. GST.) per STC (correct on 31st 
Oct 2014), this system is currently entitled for approximate $18,130 (ex. GST.) worth 
STC rebates. The value of STC rebates are passed to the customer as a discount to 
the current purchase. 
4.2 FINANCIAL ANALYSIS 
Financial analysis of QB is based on the historical over 12 months, during Jan-2013 to Jan-
2014. The solar energy production data is acquired from PVsyst with all modules facing 
north to 25 degree east. The tables below demonstrate the benefits of having the Solar 
Power System Installed. According to the simulation result from PVsyst, there are 
approximate 8,553 units (or kWh) feed back into the grid, assuming that the rest of the 
system generated power is completely consumed by the client. 
The first step is to calculate the saving of the energy cost by switching the energy provider 
from Synergy (current energy retailer of the client) to Perth Energy. The tariff rate of both 
Energy providers are compared in Table 4.2-1.  Different from Synergy’s Flat Rate Tariff, 
Perth Energy provides their client with different rates during both On-Peak (8.00 am – 10.00 
pm, Monday to Friday) and Off-Peak (10.00 pm – 8.00 am (+1) Monday to Friday, and 
weekends) time. This Peak / Off-Peak Tariff provides client energy cost savings during the 
night time when Solar Power System does not have power outputs. Cost saving of changing 
the energy provider is detail addressed in Table 4.2-2. Obviously, with the new energy tariff 
provided by Perth Energy, QB can easily save approximately $12,640 for Off-Peak energy 
consumption. 
Table 4.2-1 Available Energy Tariff rates from both Synergy and Perth Energy 
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Table 4.2-2 Energy Cost Savings by Changing Energy Provider 
 
Based on the result of PVsyst, roughly 80% of the power generated by the proposed solar 
power system will be consumed by the client. The equivalent energy cost savings are shown 
in the following Table 4.2-3. With the Peak / Off-peak Tariff implemented, this 25kW Solar 
PV system will still be able to provide overall 8,300 dollars savings, with about 80% or more 
savings incurred during Peak time. 
Table 4.2-3 Energy Costs saving by installing Solar Power System 
 
Synergy Perth Energy
Flat Rate $0.32
On-Peak $0.31
Off-Peak $0.12
Month
Total Consumed 
Generation (kWh)
Peak Production 
(kWh)
Peak Saving
Off-Peak 
Production (kWh)
Off-Peak 
Saving
January 3261 2331.84 726.37$              929.16 112.43$           
February 2790 1995.04 621.46$              794.96 96.19$             
March 2891 2067.26 643.95$              823.74 99.67$             
April 2147 1535.25 478.23$              611.75 74.02$             
May 2017 1442.29 449.27$              574.71 69.54$             
June 1904 1361.49 424.10$              542.51 65.64$             
July 1995 1426.56 444.37$              568.44 68.78$             
August 2581 1845.59 574.90$              735.41 88.98$             
September 2926 2092.29 651.75$              833.71 100.88$           
October 3054 2183.82 680.26$              870.18 105.29$           
November 3142 2246.75 699.86$              895.25 108.33$           
December 3669 2623.59 817.25$              1045.41 126.50$           
Total 32377 23151.77 7,211.78$          9225.23 1,116.25$      
Peak Off-Peak
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The other part of power which is generated by the system is assumed to feed back into the 
grid. As opposed to Synergy, Perth Energy provides commercial (small to medium size) 
energy consumer with an incentive which is also known as Feed-in Tariff. The FIT provided 
by Perth Energy is shown in Table 4.2-4. Similar to the Peak / Off-peak tariff, the FIT also 
differs during Peak and Off-peak time period. With this incentive, the unusable energy 
produced by the system will create small amount of cost savings for the client. As shown in 
Table 4.2-5, those feed in power will create roughly $480 saving per annual. 
Table 4.2-4 Feed-in Tariff Provided by Perth Energy 
 
  
Feed-in-Tariff (FIT)
Peak 0.065$             
Off-Peak 0.035$             
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Table 4.2-5 Energy Cost Saving by Feed-in Tariff 
 
Given both the estimated energy cost savings, and the capital cost of the system, the simple 
payback period of the proposed system can be calculated by: 
                      
                          
                                    
 
The saving of changing tariff has sometimes been considered as part of annual energy cost 
savings offered to the client.  
Therefore, in this case, investment for a 25kW solar PV system has a payback of less than 3 
years’, which falls within the expectation of our client QB. 
  
Month FIT Generation 
(kWh)
FIT Reward FIT Generation 
(kWh)
FIT Reward
FIT 
Generation 
(kWh)
FIT Reward
January 1026.12 66.70$             408.88 14.31$           1435.00 81.01$        
February 735.81 47.83$             293.19 10.26$           1029.00 58.09$        
March 719.36 46.76$             286.64 10.03$           1006.00 56.79$        
April 361.82 23.52$             144.18 5.05$              506.00 28.56$        
May 206.65 13.43$             82.35 2.88$              289.00 16.31$        
June 30.75 2.00$               12.25 0.43$              43.00 2.43$          
July 10.01 0.65$               3.99 0.14$              14.00 0.79$          
August 133.00 8.65$               53.00 1.85$              186.00 10.50$        
September 297.47 19.34$             118.53 4.15$              416.00 23.48$        
October 722.22 46.94$             287.78 10.07$           1010.00 57.02$        
November 1001.10 65.07$             398.90 13.96$           1400.00 79.03$        
December 872.38 56.70$             347.62 12.17$           1220.00 68.87$        
Total 6116.70 397.59$          2437.30 85.31$           8554.00 482.89$     
Peak Off-Peak Total
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5 DISCUSSION-EXISTING BARRIERS FOR IMPLEMENTING COMMERCIAL 
SOLAR SYSTEM 
Renewable energy technology such as solar power system has always been considered to 
have great potential in Australia. However, as a supplier which acts as one part of this 
energy market, our past experiences (especially, during the process of this project) have 
always encountered several significant market barriers and market failures which limited the 
development of renewable technology (Powerful Solution, 1999). To overcome these 
barriers and encourage both business consumers and residential consumers to implement 
solar power systems or other formats of renewable technologies, Australia Government 
brought in Mandatory Renewable Energy Target (MRET) at both Commonwealth and State 
levels firstly in 2001. This target has then been revised in early 2011 with an expansion of 
the original target which is widely known as the current RET Scheme. 
Although a range of renewable energy-related policies has been developed, there are still 
numbers of market barriers which created by other players in the market trying to prevent or 
stop the development of renewable energy technologies. In Owen’s study (2006), the author 
mentioned the following types of market barriers, which slow the rate of the development of 
such technology expansion: 
1. Uncompetitive market price, scales economics and learning benefits have not yet 
been realized; 
2. Price distortion, the costs in related to incumbent technologies are not included in 
their prices in most cases; 
3. Information. Lack of such information of both the technology availability and the 
nature of the product for the end consumers (both in business sector and residential 
sector); 
4. Transaction costs; 
5. Buyer’s risk, for such an immature technology like solar power system itself, there 
are difficulties in forecasting its development over a suitable time period; 
6.  Finance. The capital cost of renewable technologies are often very high; 
7. Inefficient market organization in relation to new technologies; 
8. Inefficient regulation. Renewable technologies are still new to the market, which 
leads to the laid down in standards, and codes not in pace with the development; 
9. Capital stock turnover rates; 
10. Technology-specific barriers. 
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In the following section, several of the above market barriers associated with the commercial 
solar PV system market will be discussed in more detail.  
5.1 STATE GOVERNMENT BARRIERS 
Within the period 2011-2013, 2 GW of PV capacity has been installed in Australia and about 
10% of residential buildings now have a PV system (Jäger-Waldau, 2013). At the beginning, 
most installations took advantage of incentives under the Australian Government’s 
Renewable Energy Target (RET) mechanisms and FiTs in some states and territories 
(Jäger-Waldau, 2013). However, due to the fact that the capacity of the scheme has been 
met within a short period and also the uncertainties of the policy, there are only six schemes 
which are available for new installations in 2012 (Jäger-Waldau, 2013). Not to be mentioned, 
most of these schemes also have their limitation, which only offers incentives to system 
sizes smaller than 10kW (5kW in Western Australia). In other words, the potential investors 
for commercial solar PV systems are not covered within the government incentive scheme. 
With this restriction of the size of the system, it is suggested in WA Sustainable Energy 
Association’s report that the growth of business investing in substantial PV system will be 
impeded. 
At this stage, there is no consistence across the energy providers to provide commercial 
scale feed-in tariff. Among the three major energy retailers, Perth Energy is the only one 
which does provide their commercial solar system owner a small portion of feed-in tariff as 
their investment incentive.  
There is also no indication as to whether the State Government is committed to introducing a 
commercial scale feed‐in tariff, thereby limiting the ability of such a policy to facilitate 
industry development.   
5.2 LOCAL GOVERNMENT BARRIERS  
Solar panels, wind turbines and other formats of renewable energy systems are often 
identified as additional or external fixtures of the existed building infrastructure. According to 
the requirement of the local government policy and planning issues, obtaining council 
approval, which includes building permit and development approvals, could be an essential 
step towards the system installation. Local governments as a party which takes charge of 
this matter therefore has a direct impact for the viability of the local renewable energy 
system implementation.  
In order to manage climate change impacts (Bainbridge, 2009) and encourage the 
development of renewable energy market, Western Australian Local Government 
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Association (WALGA) has endorsed a climate change policy statement in 2009 (WASEA, 
2009). However, no over-arching renewable energy policy has been yet developed (WASEA, 
2009), Local Government Associations (LGAs) remained their roles in developing the 
relevant renewable energy policy independently. This independency of policy development 
leads to the inconsistencies between different LGAs’ plannings / developments and approval 
processes which causes inefficiencies and confusion in the project development for 
renewable energy systems.  
Some main features which can differ substantially between LGAs include (Ernst & Young, 
2008): 
 Whether the approval is required; 
 Whether the approval is handled by local government or state government; 
 Application costs; 
 Time required for application assessment;  
 The extent of documentation and studies required; 
 Who can object to a project and their degree of influence over decisions – States, 
and regions within states, often differ in terms of the degree of local community 
receptiveness to renewable energy projects. 
To be more specific, in the City of Fremantle’s Local Planning Scheme No.4 (LPS4), it points 
out that the solar hot water system panels should be installed with minimizing the visual 
impact. But no specific requirement has been mentioned regarding to the solar PV systems 
or other format of renewable energy systems. While on City of Cockburn’s website, there is 
no approval requirement regarding to the residential solar panel installation. However, the 
requirement of commercial solar panels is not clearly addressed. In WA Sustainable Energy 
Association’s (2009) report, it is mentioned that the City of Stirling is the first of its kind in 
Western Australia to be in the process of developing a renewable energy policy for both 
solar panels and small scale wind turbines. 
5.3 WESTERN POWER (NETWORK DISTRIBUTER) 
Queuing issues have been commonly raised by management organizations and renewable 
energy system suppliers. Energy Market Consulting Associates (EMCA) states in their 2009 
report, Review of Energy Market Frameworks in light of Climate Change Policies that, queue 
issues is considered to be a symptom of more fundamental issues related to the recognition 
and treatment of constraints in the Western Australia transmission network. 
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“The transmission network in the South Western Interconnected System is planned on an 
unconstrained basis”, stated in one of Synergy’s discussion papers (2009).  Because of the 
natural transmission network, the amount of network augmentation is always required to be 
re-assessed with the modification of the current load within the area. With a high cost of the 
augmentation of the transmission network, it may be more efficient to allow some congestion 
to occur than to augment the network particularly in the case of multiple application for the 
lower capacity factor renewable energy power systems such as wind powered generators, 
says in the report (Synergy, 2009).  
Although Western Power’s unconstrained planning policy may provide benefit in other 
prospects, it is clear that this policy can be viewed as being the center of connection queuing 
and access issues (EMCA, 2009). Writes on Western Power’s website that, the application 
to connect a renewable energy power system (Solar Power system) to the grid for system 
size equal or smaller than 30kW can be processed within 30 days of the application being 
received by Western Power. The information on the application processes can only be 
acquired after the assessment of the system proceeded. If additional information is 
requested by Western Power, the assessing time for this application could last even longer. 
For small renewable energy business, long period of waiting time for the approval of the 
application could cause range of potential issues, which will not be discussed in this paper. 
Also mentioned in Western Power’s Capital Contributions policy report regarding cost 
allocation of Shared Connections that there is potential for more than one generator to 
connect to a new augmentation. However, the lack of transparency of the connection queue 
and the flexibility of charging options results in great difficulty in developing the “most 
efficient generation development schedule” (WA Sustainable Energy Association, 2009). 
5.4 ENERGY RETAILER BARRIERS 
Potential savings of implementing solar power system always plays an important role in the 
decision making process. However, it often turns out to be very difficult to identify in the 
latter on stages.  
In the process of installing a solar PV system, it always requires the energy retailer to 
provide a reference number in order to put in the Western Power Application for grid-
connection. Clients’ energy contract with the current energy retailer will therefore require to 
be re-assessed. Within the revised energy contract, energy companies such as Perth 
Energy and Alinta often provide pre and post solar tariff rate for their new energy 
consumption. In most cases (which were handled during the internship placement), the post 
solar tariff is higher than the pre solar rate. Based on a customer point of view, it always 
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leads to the situation that the saving of renewables will not easily be seen from the energy 
bill. 
On the other hand, the current Australia electricity market law does allow the retailers to 
make changes of the electricity prices at any time during a contract. 
5.5 CUSTOMER BARRIERS 
Although more residential solar power system have been installed during the past few years, 
the commercial and industrial customers are still not so familiar with the implementation of 
the renewable technologies. Many customers also think that renewable technology such as 
solar PVs and wind turbines are not reliable, because they generate power only during 
certain period of the day. They are unlikely to understand these intermittent technologies 
could be highly reliable when worked with each other, and the possibilities for them to match 
their peak consumptions.  
Most industrial energy and accounts managers always (or only) choose low-cost solutions. 
This fact often leads to industrial barriers when decision of purchasing renewable system is 
required. The industrial environmental officers on the other side mainly look for 
methodologies to reduce in-house pollution, but not focus on pollution which caused by their 
electricity purchases. Also with limited information (and most times no information) on 
carbon (green-house gas) emission, which caused by their electricity consumption, is 
provided by utilities, consumers often find it hard to understand the relationship in between. 
5.5.1 Capital Costs and Pay Back Period 
In Jäger-Waldau’s (2013) report, he stated that the average PV system price for a grid 
connected system has reduced substantially from 6 AUD/Wp in 2010 to 3.9 AUD/Wp in 2011 
and 3.0 AUD/Wp in early 2013. In APVI’s annual report 2013, it gives a similar price range 
for the cost of grid-connected solar system. Shows in Figure 5.5-2 Turnkey Prices of Typical 
PV Applications in Australia (APVI, 2013), the costs of a commercial size solar PV system 
could vary from 2 AUD/Wp to 4 AUD/Wp. The cost of the commercial system will be cheaper 
now. With the size of the commercial solar system, the capital costs normally are much more 
expensive than a residential system. Figure 5.5-1 presents some indication of the capital 
costs (STC and GST are included) of different size commercial solar PV systems. The wide 
range of the system costs is due to the quality of the system component. Generally speaking, 
tier 1 panel and inverter costs is more expensive than tier 3 products. Although the cost of 
per watt of the system is reduced when the size of the system increases, it still could be a 
significant amount for the customer.  
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Figure 5.5-1 Estimated System Price includes rebate from Small-scaled Technology Certificate, GST inclusive 
(CEC, 2014; Solar Choice, 2014). 
 
Figure 5.5-2 Turnkey Prices of Typical PV Applications in Australia (APVI, 2013) 
On the other hand, different to residential customers, commercial customers generally 
appears to have more interested to understand the payback time of their (potential) 
investment on renewable technologies. As mentioned in section 4.1, the simple payback 
period can be calculated by dividing capital cost of the system by the potential annual 
savings. Because of all other factors, the payback time normally cannot predict in most 
situations. 
5.5.2 High Financing Costs 
In most cases, the issue of renewable customers have difficulties obtaining a low rate 
financing solutions has not been discovered until recently when more and more commercial 
customers entered the market. Different to clients of residential size systems who choose to 
use either cash or a mortgage extension to pay for the systems (APVI, 2013), commercial 
customers often seek for financing opportunities to evenly distribute the capital expenses of 
a renewable energy system over few years’ time. Therefore, commercial clients sometimes 
rely on the finance rate to assist their decision making.  
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On the other side, the financial institutes are generally unfamiliar with new technologies and 
likely to give a higher rate because of its high risks. Even though the renewable energy 
systems usually have lower operating and maintenance costs, due to this high lending rate 
of the renewable energy systems, decision makers are much easier to choose other options 
instead. 
5.5.3 Split Incentives 
When renewable technologies come to commercial size, they usually encounter additional 
market barriers. Most of commercial energy consumers do not have the ownership of the 
building sites. They do not have the right to modify the property but use it. The landlords who 
own the most cost-effective building sites, are generally unlikely to invest renewable systems 
which only benefits the tenant in terms of their energy savings (Nogee, Clemmer, et al., 
1999). It, in other words, makes this type of long-term investment unlikely to be considered 
in some situations. 
In a restructured electricity market, distribution, transmission, and generation are all 
controlled by different companies. Utility generation companies consider only the cost of 
generating electricity using conventional methods, but not the potential savings in 
transmission and distribution costs for implementing decentralized renewable energy 
systems. Transmission and distribution parties only focus on the alternative methods of 
transmission and distribution. Although there is potential integrated value of renewable 
energy system like solar PV, it is often overlooked by individual parties. 
5.6 OTHER BARRIERS 
Other than these barriers addressed in the previous sections, it is believed more potential 
barriers are existed. These barriers, which have not been clearly identified during the 
internship placement, are therefore not mentioned in this report.  
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6 CONCLUSIONS 
The knowledge gained from the solar projects at the commercial solar company has been an 
irreplaceable learning experience for the 16-week internship period. The internship offered a 
great understanding of the process of installing a commercial solar system under specific 
circumstances. The internship covers the process of understanding the energy consumption 
pattern of the client, sizing a solar system, preparing application documents for both energy 
and network providers and local council for approvals and finally supervising the installation 
of the system. Series of obstacles were overcome during this process. 
The renewable energy industry faces numerous barriers to enter the existing electricity 
market. The current electricity regulatory system has developed around the operation of 
large-scale conventional generators over several decades. The major energy providers and 
large-scale conventional energy generation companies therefore have a much greater 
influence on the regulation framework than the renewable industry. Only limited flexibility is 
offered to small-scale, distributed generation and small-scale commercial renewable energy 
users. Although the Australian Federal government has brought in a Renewable Energy 
Target in recent years to encourage the growth of renewable energy, balancing the complex 
relationship between the existing occupants in the current market and existing subsidy 
structure versus the new entrants is still the major focus.  
On the other hand, under the current energy policy, the subsidy offered to renewable energy 
customers is still very limited. For instance, the state-based net feed-in tariff is only available 
for residential customers or not-for-profit and education organizations. Commercial energy 
consumers that normally own larger roof areas and consume a greater proportion of the 
energy market are not able to apply for any continuous financial incentives (such as a feed-
in tariff). The lack of financial incentives and government support at State level makes 
commercial customers hesitate when making a decision to invest in renewables. For 
conservative investors, this policy uncertainty at Federal and State levels could be 
considered as a large disincentive.  
With the increased potential for renewables entering the current energy market, there are 
still many barriers to be overcome. However, it is believed that the current barriers are not 
invincible. Further studies on this topic are essential for encouraging the growth of 
renewables in the future. 
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8 APPENDIX 
8.1 APPENDIX A PAST ENERGY BILL  
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8.2 APPENDIX B HISTORICAL ENERGY CONSUMPTION DATA (NMI DATA) 
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8.3 APPENDIX C SYNERGY BI-DIRECTIONAL METERING APPLICATION  
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8.4 APPENDIX D APPLICATION TO CONNECT EMBEDDED GENERATION TO THE 
WESTERN POWER NETWORK 
8.4.1 Example of the Application Form 
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8.4.2 Example of Western Power Approval Letter 
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8.5 APPENDIX E COUNCIL APPROVAL 
Both of the following application forms are captured from city of Wanneroo’s website 
(assess on 11th Nov 2014), and are eligible to use for the development within city of 
Wanneroo.  
8.5.1 Planning Approval (Development Application Form) 
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8.5.2 Building Approval (Application for Building Permit BA01) 
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8.6 APPENDIX F SOLAR PV SYSTEM’S DAILY PRODUCTION 
 
Figure 8.6-1 Average daily production of a solar PV system 
 
  
 
